Abstract. The long-term survival for elderly patients with advanced ovarian papillary serous carcinoma (OPSC) does not exceed 30%, and the incidence and prognosis rise continuously after menopause. The aim of this study was to identify the differences in key miRNAs and their potential regulators through miRNA microarray analysis, functional target prediction, and clinical outcome between the elderly patients with advanced OPSC and ovarian clear cell carcinoma (OCC) who all suffered poor prognosis, to identify the pathogenetic basis, and to improve the understanding of the molecular basis of advanced OPCS in elderly patients. Through microarray analysis, we found 52 unique miRNAs with significant fold-change in expression levels, of which 9 were upregulated, whereas 43 were downregulated in OCC patients compared to elderly OPSC patients with advanced stage. Among these prediction miRNAs, miR-30a * , miR-30e * and miR-505 * were found to have some common cancer-related targets. Lower expression of these three miRNAs of advanced OPSC in elderly patients, all associated with significantly poorer survival rate, strongly suggesting that they could be critical oncogenes and take important roles in OPSC etiology in elderly patients with advantaged stage. Functional analyses support the above hypothesis. Their targets, ATF3, STMN1 and MYC suggest that OPSC also has aggressive biological behavior when presented with advanced stage, and support the epidemiology results that incidence and mortality of advanced OPSC increases continuously. miR-30a * , miR-30e * and miR-505 * may be important pathogenetic factors for OPSC in elderly patients with advanced stage. Age could be regarded as a continuous covariate in this process. This may improve the understanding of molecular underpinnings of advanced OPSC in elderly patients, and provide improved diagnostic, prognostic and therapeutic approaches.
Introduction
The increasing age of the world's population has been the most dramatic demographic change since the 20th century (1) . As the fifth leading cause of death in women and the first cause of gynecologic cancer death, ovarian cancer incidence and mortality rate increase continuously with advancing age and peaks in the 7th to 8th decades of life (2) (3) (4) (5) (6) . Due to lack of symptoms in early-stage of this disease, in China, indeed the long-term survival for elderly patients with advanced disease does not exceed 20%. Therefore, the poor prognosis of ovarian cancer in the elderly has been recently recognized (4) . A prior report showed that, 28,082 women were diagnosed with epithelial ovarian cancer (EOC) from 1988 to 2001. The largest histology subgroup, 49.3% (13, 835) of patients had ovarian papillary serous carcinoma (OPSC) (7) . OPSC increases steadily after menopause, and the major patients of OPSC with advanced-stage (FIGO stages III or IV) diagnoses have a <30% 5-year survival rate (7, 8) . Thus, age should be considered as an important prognostic variable. In addition, ovarian clear cell carcinoma (OCC) was frequently present at early stage (9) , and has a distinct, aggressive biologic behavior with poor survival rates compared to other epithelial counterparts (7, (10) (11) (12) . Given that elderly advanced OPSC and OCC all carry poor prognosis, it is advantageous to study them together, find the essential differences of cancer epidemiology and biology, and then improve the understanding of the molecular basis which plays an important part in pathogenesis of elderly advanced OPCS or OCC cases.
MicroRNAs (miRNAs) are small non-coding RNA molecules of ~22 nucleotides that act post-transcriptionally to regulate gene expression (8) . They show great potential in discovering new biological pathways; could be used as a diagnostic and prognostic tool for cancer patients and even serve as molecular targets for therapy.
Considering the above evidence, the OPSC patients aged ≥50 years with advanced-stage and OCC patients, who all carry poor prognosis, were studied. The goal was to identify the differences of key miRNA and possible regulators through miRNA microarray chip, functional target prediction, and clinical outcome between the elderly advanced OPSC and OCC miRNA expression pattern associated with prognosis in elderly patients with advanced OPSC and OCC ) method with U6 small nuclear RNA as the endogenous control. Samples were analyzed in triplicate. Technical validations were carried out using a subset of the original samples that were used in the discovery phase of the study with miRNA array. Biological validation was performed using additional FFPE cases of OPSC and OCC (n=21 in total) (13) .
qRT-PCR was performed to validate target prediction results. Total RNA (0.5 µg) in 1 µl of RNase-free water was used in 20 µl of RT mix. Primer pairs were as follows: activating transcription factor 3 (ATF3) forward 5'-CTGCAGAAAGAGTCGGAG-3' and reverse 5'-TGAGCCCGGACAATACAC-3'; β-actin forward 5'-GACTACCTCATGAAGATC-3' and reverse 5'-GATCCACA TCTGCTGGAA-3' (Invitrogen). Real-time PCR was done using the LightCycler system and Roche fast-Start Light CyclerMaster Hybridization Probes master mix (Roche Diagnostics), and the product was detected with SYBR-Green I. Samples from at least three independent experiments, each measured in duplicate, were analyzed and the data expressed as the averages ± SE.
Immunohistochemistry (IHC).
The IHC staining procedure was described previously (14) with modification. Briefly, after dewaxing in xylene and descending concentrations of ethanol, the sections were incubated in 3% H 2 O 2 for 30 min to suppress endogenous peroxidase activity. The sections were further blocked with a mixed solution [10% goat serum and 3% albumin bovine (BSA) in PBS] for 1 h and incubated with the primary antibodies of ATF3 (1:100 dilution; Bioworld, cat#BS1245); Stmn1 (1:100 dilution; Bioworld, cat#BS3615); or MYC (1:100 dilution; Bioworld, cat#BS2261) overnight at 4˚C. On the second day, after rinsing for 10 min x 3, the sections were incubated with streptavidin-peroxidase staining system kit according to the manufacturer's instructions (SP-9001, Zhongshan Golden Bridge Biotechnology Company, Beijing, China). Finally, 3,3'-diaminobenzidine (DAB) liquid chromogen substrate kit (ZLI-9032, Zhongshan Golden Bridge Biotechnology Company) offered a clean detection performance and subsequent hematoxylin staining provided a light blue counter stain contrasting with DAB. For negative controls, all the conditions were performed at the same procedures except that primary antibody was eliminated.
Statistical analysis. The results were analyzed by SPSS 15.0 (Chicago, IL). Data are expressed as arithmetic means ± SEM of the number (n) of experiments. Samples were analyzed with repeated measures analysis of variance; differences in the incidence were analyzed using ANOVA. The differences of the positive area and integrate optical density (IOD) per vision-field of x400 immunohistochemistry photographs were taken with Image-Pro plus vision 6.0. Overall survival was defined as the time from initial cytoreductive surgery to date of last follow-up or death. Survival time course was studied using the Kaplan-Meier method, and groups were compared using the log-rank test. P<0.05 was considered statistically significant. Table I . Fifty-eight patients were identified to fit the study criteria, including 30 OPSC patients (age ≥50 years with advanced-stage) and 28 OCC patients. The percentage of patients with stage III disease and the presence of positive lymph nodes were all significantly higher in those patients with elderly advanced OPSC compared with those patients with elderly OCC (8.3 vs. 93.3%).
Results

Patient characteristics. Patient characteristics are shown in
miRNA expression pattern of OPSC and OCC. miRNAs have been reported in different types of tumors derived from different organs, including ovarian cancer. However, the pathobiological significances of aberrant miRNA expression in human ovarian cancer have not been well documented. To further characterize the unique miRNAs in EOC development, we initially analyzed miRNA expression in tumors of 8 elderly OPSC patients with advanced stage and 9 OCC patients for microarray analysis. According to the background-subtracted and normalized fluorescent intensities of array sample results, 52 unique miRNAs were detected with significant (p<0.00001 for all), fold-change (FC) in expression level, of which 9 were upregulated, whereas 43 miRNAs were downregulated in OCC patients compared to elderly OPSC patients with advanced stage (Table II and Fig. 1A) . Moreover, among the top significant unique miRNAs (FC >4), 9 were preferentially expressed in the OCC patients, whereas only 1 miRNA was most highly expressed in the elderly OPSC with advanced stage (Table II) . The prediction targets of these 9 miRNAs are shown in Fig. 1B and C. * and miR-505 * that were found having some targets in common suggesting they might play important roles in pathogenesis between OCC and elderly advanced OPSC together or partly (Figs. 1D and 2 ). Fig. 3 show the function analysis of miR-30a * , miR-30e * and miR-505 * .
qRT-PCR validation for microarray results.
In order to confirm microarray results, RNA was isolated from a new set of FFPE tissues as described above to increase the likelihood that the observed differences in miRNA expression profiles represent biologically significant changes. MiR-30a * , miR-30e * and miR-505 * were the upregulated miRNAs in OCC with different fold-changes (from 6-12) when compared with OPSC by using microarray analysis. Validation of miRNA expression analysis was repeated with qRT-PCR (miR-30a * , miR-30e * and miR-505 * ) and representative analyses are shown in Fig. 4A (unsupervised hierarchical clustering of validation) and Fig. 4B . Through this additional analysis, the expression patterns found in the arrays could be confirmed. In keeping with microarray results, miR-30a * , miR-30e * and miR-505 * were all highly expressed in OCC with statistical significance.
Validations of miRNA target prediction and their top co-targets.
In target prediction experiment using multiple software, ATF3 was predicted as a potential co-target of miR-30a * , miR-30e * and miR-505 * , and presented as a regulator in the different pathways, which include cancer and cell death. At the same time, we found that MYC is the co-target of miR-30a * and miR-30e * ; stathmin1 (STMN1) is co-target of miR-30a * and miR-505 * ; HLA-DPB1 is co-target of miR-30e * and miR-505 * . To examine the biological significance of these miRNAs in ovarian cancer, we focus on the ATF3, STMN1 and MYC, which were already proven to be cancer markers.
Immunohistochemical assay for the ATF3, STMN1 and MYC proteins showed a relevant upregulation in OPSC cells compared to OCC cells (Fig. 5A) . It is clear that these co-targets were all extensively distributed in the cytoplasm of cancer cells in the tissue of OPSC samples (Fig. 5A1-3 ) comparing with the OCC sections (Fig. 5A4-6 ). Through analysis with Image-Pro plus vision 6.0, positive area and IOD per vision-field of x400 immunohistochemistry photographs were detected. These results also support the conclusions of the immunohistochemical assay ( Fig. 5B and C) .
Overall survival analysis of elderly advanced OPSC and OCC patients. We next compared the prognosis of elderly advanced OPSC patients in groups stratified according the expression levels of individual miRNAs. For each miRNA, we divided the samples into two sub-sections according to high and low expression level of the miR-30a * , miR-30e * and miR-505 * (Fig. 6A-C) . The association of these three miRNAs with survival indicated that lower expression of miR-30a * , miR-30e * and miR-505 * , all associated with poorer prognosis. We also studied the overall survival of ovarian cancer patients with OPSC and OCC (Fig. 6D ). They were Among the top significantly unique miRNAs (fold-change >4, FDR <0.01, B and C) using microarray platform to predict target miRNAs, 9 miRNAs are preferentially expressed in the OCC patients when compared to the elderly OPSC with advanced stage, and their relative expressions are shown in the column map. Only miR-130a * , is highly expressed in OPSC (its FC value is 0.0035528). These 9 miRNAs are distributed in different ages of OCC patients, and miR-30a * and miR-30e * are the co-prediction targets of younger (<50 years) and elderly (≥50 years) OCC patients. (D) Venn diagram of selected miRNAs and their putative gene targets. The MicroCosm Targets version 5 and miRBase were used to analyze predicted targets for the 10 top significantly unique miRNAs which were highly expressed in OPSC vs. OCC with p<0.00001, and change >4-fold. Three miRNAs were found with some common targets, including miR-30a * , miR-30e * and miR-505 * . These events suggest they might have an important role in ovarian cancer differences between OCC and elder advanced OPSC together or partly, and ATF3 is the co-target of these relevant miRNAs. associated with significant differences (OPSC was lower, log-rank p<0.01) in overall survival.
Discussion
EOC is the most important cause of gynecologic malignancyrelated mortality in women (15) rising continuously with advancing age. Some recent reports show that cancer incidence is 11-fold greater for the older population (4, 16) . Therefore, it is necessary to study and understand cancer epidemiology, biology and therapy to the elderly patient. The incidence of OPSC increases steadily after menopause, and this histologic subgroup makes up the largest part of EOC patients.
Considering that for most women menopause is after the age of 50 years, OPSC patients aged ≥50 years with advanced-stage as well as OCC patients were studied. The purpose was to apply microarray analysis to investigate the difference, especially molecular mechanism between elderly OPSC with advanced stage and OCC, which both carry poor prognosis (8, 9) . Through miRNA microarray and target prediction analysis, 10 miRNAs were found to be differentially expressed in tumor from OPSC vs. OCC (p<0.00001 and FC >4). Moreover, in order to retrieve only the most relevant targets, we only investiged three miRNAs (miR-30a * , miR-30e * and miR-505 * ) which were found with some common cancer associated pathways. We confirmed these predictions and relations. Biological pathways were predicted using multiple software, and ATF3 was indicated as an only potential co-target of these three miRNAs. Advanced OPSC has its own specific pathogenic factors, especially in elderly patients. Lower expressions of miR-30a * , miR-30e * and miR-505 * were validated in elderly advanced OPSC patients consistent with microarray analysis. The survival analysis was investigated for elderly advanced OPSC patients in groups stratified according the expression levels of individual miRNAs, and the results revealed that lower expressions of miR-30a * , miR-30e * and miR-505 * , all associated with significantly poorer prognosis. The results strongly suggested that they could be critical oncogenes and take important roles in ovarian cancer etiology with advantaged stage.
In order to validate our above hypothesis, we selected some typical downstream prediction targets which have associated with cancer as supporting evidence. ATF3 is a member of the ATF/cyclic adenosine monophosphate response element binding family of transcription factors (17, 18) . It is expressed at low levels in normal and quiescent cells, but can rapidly and significantly increase in various cancers (19) . Previous research supports that overexpression of ATF3 could play an oncogenic role in carcinogenesis. These studies provide correlative evidence that ATF3 expression contributes to the successful propagation of human cancer (17, (20) (21) (22) , and also could promote metastasis, cell adhesion and invasion in vitro and in vivo (23, 24) . Furthermore, STMN1 overexpression is associated with polyploidy, tumor-cell invasion, early recurrence and poor prognosis in human hepatoma and ovarian cancer (25) (26) (27) . MYC was also proven to have a pivotal role as a regulator of tumorigenesis in numerous human cancers of diverse origin (28) . In our results, they all increased more in elderly advanced OPSC group, strongly supporting our pathogenic hypothesis for miR-30a * , miR-30e * and miR-505 * , and suggesting that OPSC also has aggressive biologic behavior when presented with advanced-stage. Epidemiology results show that incidence and mortality rate of advanced OPSC rise continuously with advancing age. Previous reports have shown that women with OCC have a poorer prognosis compared to The samples of elder advanced OPSC patient were divided into two groups with high expression levels (blue line) and low expression levels (green line) of (A) hsa-miR-30a * (p=0.0025), (B) hsa-miR-30e * (p=0.030) and (C) hsa-miR-505 * (p=0.008), n=30 for all. Lower expressions of miR-30a * , miR-30e * and miR-505 * , all associated with poorer prognosis. (D) Overall survival associated with the histological type, elder advanced OPSC and OCC, was also tested (n=58, p=0.008). The overall survival of elder advanced OPSC is obviously lower than OCC patients. P-values are calculated by log-rank test comparing the low and high expression groups. Censoring events are marked by vertical lines. serous ovarian cancer (7, 29) . However, most of these studies originate from limited research with different age and stage thus yielding different prognosis. In the current study, we found the survival rate of elderly advanced OPSC was significantly shorter than that for patients with OCC. Although, there are no data supporting the concept that elderly women with cancer should receive differential treatment based on age alone, the actual condition is that cancer risk increases with age (4). Pignata and Vermorken (1) already demonstrated that ageing is associated with important changes which can affect pharmacologic properties of cytotoxic agents including pharmacokinetic, pharmacodynamic and toxicity profiles. Therefore, age should be regarded as an important prognostic variable in the pathogenesis and treatment of advanced OPSC. Major questions about ovarian cancer in older-aged women need urgent attention from the research community since the incidence and the prognosis of this population is continuously worsening (1) .
The above data of this research supported our hypothesis and strongly suggest that miR-30a * , miR-30e * and miR-505 * may be the important pathogenic factors for elderly OPSC patients with advanced stage. This is the first report indicating and validating the differences and significance of miR-30a * , miR-30a * and miR-505 * , and their targets (ATF3, STMN1 and MYC) in elderly OPSC with advanced stage. We hope this can improve understanding of molecular underpinnings during EOC development and progression, especially in elderly advanced OPSC patients; and to identify putative targets, including mRNA and proteins, which may open a new field for the understanding of this disease and providing improved diagnostic, prognostic and therapeutic approaches to individual patients, especially to the elderly.
